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(54) Pneumatic tire 

(57) A pneumatic tire comprises a tread portion pro- 
vided with at least one wide circumferential groove, the 
wide circumferential groove (3A) extending continuous- 
ly in the tire circumferential direction and having a 
groove width GW of not less than 5% of the ground con- 
tacting width TW, the wide circumferential groove pro- 
vided in the groove bottom with a groove bottom rib (13), 



the groove bottom rib (13) extending continuously along 
the overall length of the wide circumferential groove, the 
groove bottom rib having a height Hr in a range of from 
0.5 to 3.0mm and a base width Wr in a range of from 1 0 
to 30% of the groove width GW, and the groove bottom 
rib provided in the top face with a small groove (1 2) hav- 
ing a depth Dr of less than the height Hr. 
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Description 



[0001] The present invention relates to a pneumatic tire, more particularly to a tread structure being capable of 

suppressing air resonance in a wide circumferential groove. 
5 [0002] In a pneumatic tire having a wide circumferential groove especially a substantially straight groove, the wide 

circumferential groove fomns an open-ended air tube between the tire and the road surface in the ground contacting 

patch of the tire, such tube is liable to resonate during running. If the resonance occurs with the fundamental frequency 

around 1000 Hz to which human ears are most sensitive, then the tire running noise is Increased. The occurrence of 

such a resonance may be prevented if the groove width Is decreased. But the main purpose of the wide groove, namely, 
10 enhanced drainage can not be achieved. 

[0003] It Is therefore, an object of the present Invention to provide a pneumatic tire in which tire noise due to air tube 

resonance is reduced without deteriorating wet performance. 

[0004] According to the present Invention, a pneumatic tire comprises 
a tread portion provided with at least one wide circumferential groove, 
15 the wide circumferential groove extending continuously in the tire circumferential direction and having a groove 

width GW of not less than 5% of the ground contacting width TW, 

the wide circumferential groove provided in the groove bottom with a groove bottom rib, 
the groove bottom rib extending continuously along the overall length of the wide circumferential groove, 
the groove bottom rib having a height Hr In a range of from 0.6 to 3.0 mm and a base width wr in a range of from 
20 1 0 to 30 % of the groove width GW, and 

the groove bottom rib provided in the top face with a small groove having a depth Dr of less than the height Hr 

[0005] Embodiments of the present invention will now be described In detail in conjunction with the accompanying 

drawings. 

[0006] Fig.1 is a developed plan view of a pneumatic tire according to the present invention. 
25 [0007] Fig. 2 is an enlarged perspective view of a wide circumferential groove showing an example of the groove 
bottom rib. 

[0008] Fig.3 Is a cross sectional view of thereof. 

[0009] Flg.4 Is an enlarged cross sectional view of another example of the groove bottom rib. 
[0010] Fig. 5 is an enlarged plan view of the wide circumferential groove showing the knurled parts. 
30 [0011] According to the present invention, a pneumatic tire comprises a tread portion 1, apairof axiailyspacedbead 
portions, a pair of sidewall portions, a carcass extending between the bead portions, and a tread reinforcing belt dis- 
posed radially outside the crown portion of the carcass as usual, 

[0012] In this embodiment, the pneumatic tire is a radial tire for recreational vehicles such as minivan. In Fig.1 , an 
outside half Yo of the tread portion 1 between the tire equator C and an outside tread edge Eo and an inside half Yi of 
35 the tread portion 1 between the tire equator C and an inside tread edges Ei are provided with different tread patterns. 
Here, the "outside" and "inside" are used to mean the designed use of the tire in which the outside half Yo and inside 
half YI are positioned on the outside and Inside of the vehicle, respectively. Further, the tread groove arrangement 
forms a directional ly bound tread pattern. 

[0013] Here, the above-mentioned tread edges Ei and Eo are the axial edges of the ground contacting region Ts 
"^0 under a standard loaded condition in which the tire is mounted on a standard rim and inflated to a standard load and 
then loaded with a standard load. The standard rim is the "standard rim" specified in JATMA, the "i\4easuring Rim" in 
ETRTO, the "Design Rim" in TRA or the like. The standard pressure is the "maximum air pressure" in JATMA, the 
"Inflation Pressure" in ETRTO, the maximum pressure given in the "Tire Load Limits at Various cold Inflation Pressures" 
table In TRA or the like. The standard load is the "maximum load capacity" in JATi\^A, the "Load Capacity" in ETRTO, 
45 the maximum value given in the above-mentioned table In TRA or the like. The tread width TW is defined as the axial 
distance between the tread edge El and Eo. 

[0014] In Fig.1 , the inside tread half Yi is provided with a wide circumferential groove 3A near the tire equator c, and 
a narrow circumferential groove 3B on the inside tread edge Ei side thereof. The circumferential grooves 3A and 3B 
are fomied as a substantially straight groove to provide a good drainage to improve wet performance. 
50 [0015] Such circumferential grooves 3A, 3B are not provided in the outside tread half Yo. 

[001 6] Between the circumferential grooves 3A and 3B, lateral grooves 4 are disposed so as to form a circumferential 
row of blocks. The lateral grooves 4 are inclined in the same direction and slightly curved. Thus, the block shape Is 
generally a parallelogram in which the circumferential length is greater than the axial width. 

[0017] The part between the circumferential groove 3B and the inside tread edge Ei fomris a circumferentially con- 
55 tinuous rib. 

[0018] On the other hand, the outside tread half Yo is crossed by lateral grooves 5A and SB extending from the wide 
circumferential groove 3A to the outside tread edge Eo, wherein the groove 5A gradually narrows towards the outside 
tread edge Eo, and the groove SB gradually widens towards the outside tread edge Eo, and they are arranged alternately 
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in the tire circumferential direction. The lateral grooves 5A and 6B are inclined in the same direction and slightly curved. 
The Inclination Is the same as the lateral grooves 4 but the curvature is reversed. The lateral grooves 5A are aligned 
with the lateral grooves 4. 

[0019] Further, the outside tread half Yo is provided with longitudinal grooves 5C each extending from one of the 
5 widening lateral grooves 5B to the adjacent widening lateral groove 5B across one of the narrowing lateral grooves 
5A, while slightly inclining one direction with respect to the tire circumferential direction. The inclining direction is the 
same as those of the lateral grooves 4, 5A and 58, The outside tread half Yo is divided into blocks being substantially 
a quadrilateral such that the axial width is larger than the circumferential length. 

[0020] The above-mentioned circumferential grooves 3A and 3B and lateral grooves 4, 5A and 5B and longitudinal 
10 grooves 5C are each defined as having a width of more than 2.5 mm. 

[0021] Near the Inside and outside tread edges Ei and Eo, a circumferentially extending groove 24 which is shallow 

and fine and thus does not have the function of drainage, is disposed. These fine shallow grooves 24 extend straight 

and have a width of not more than 2.5 mm and a depth of lass than 5 mm, whereby the wandering perfonnance, uneven 

shoulder wear and the like may be improved. 
15 [0022] Therefore, the inside tread half Yi serves drainage from the tread center, and the outside tread half Yo serves 

the lateral stiffness (rigidity) of the tread portion. Thus, the tread pattem as a whole can improve the wet performance 

and steering stability at the same time. 

[0023] According to the present Invention, In the above-mentioned ground contacting region Ts between the tread 
edges Ei and Eo, there is disposed at least one wide circumferential groove 10 having a groove width GW in a range 

20 of not less than 5%, preferably not less than 7% of the ground contacting width TW between the tread edges El and Eo. 
[0024] In this embodiment, the above-mentioned circumferential groove 3A is the wide circumferential groove 10. 
The width of the narrow circumferential groove SB is about one third of the wide circumferential groove 3A. 
[0025] The wide circumferential groove 1 0 is, as shown in Flgs.2 and 3, provided In the groove bottom BS with a rib 
(hereinafter the "groove bottom rib 1 3", and the groove bottom rib 1 3 is provided in the top face with a small groove 1 2. 

25 [0026] The groove bottom rib 13 extends along the overall length of the wide circumferential groove 10. In this ex- 
ample, the groove bottom rib 13 Is located on the center line of the groove bottom BS. Thus, the groove bottom rib 13 
is straight. 

[0027] The height Hr of the groove bottom rib 13 measured from the groove bottom Bs to the top face 13s Is in a 
range of from 0.5 to 3.0 mm preferably 1 .0 to 2.0 mm. The base width wr of the groove bottom rib 13 measured at the 

30 groove bottom Bs is in a range of from 1 0 to 30% of the groove width GW, The base width wr is more than the height Hr. 
[0028] The sectional shape of the groove bottom rib 13 is substantially a trapezoid or a rectangle. 
[0029] Such groove bottom rib 13 makes a shallow part Ji on the groove bottom rib 13 and a deep part jo on each 
side thereof in the wide circumferential groove 1 0. Owing to the shallow part Ji and deep parts jo, a multi-mode reso- 
nance becomes liable to occur In the air tube, in which the modes connecting with the parts Ji and Jo Interfere with 

35 each other. By the groove bottom rib 1 3, air flow and sonic flow from the lateral main grooves 4 are hindered and they 
are diffused in the wide circumferential groove 1 0. Therefore, the occurrence of air tube resonance can be controlled. 
If the rib base width wr is less than 1 0% or more than 30% of the groove width GW, then the effect of mode interference 
between the parts Ji and Jo decreases and the air tube resonance can not be fully controlled. If the rib height Hr is 
less than 0.5 mm, then not only the mode interference effect but also the diffusion effect decrease, and it becomes 

40 difficult to control the air tube resonance. If the rib height Hr is more than 3.0 mm, it decreases the drainage by the 
wide circumferential groove 10 and wet perfonnance deteriorates. 

[0030] The above-mentioned small groove 1 2 is disposed in the top face 13s of the groove bottom rib 13. The small 
groove 12 extends continuously In the tire circumferential direction. 

The depth Dr thereof Is less than the rib height Hr, preferably in a range of from 30 to 60% of the rib height Hr. 
45 If the depth Dr is less than 30% of the rib height Hr, then wet performance is liable to decrease. If the depth Dr is more 
than 60%, then the effect to control air tube resonance is decreased. In this embodiment, the sectional shape of the 
small groove 12 is a trapezoid being long from side to side. But, a rectangle being long from side to side, a semicircle, 
and the like may be also used. 

[0031] Fig.4 shows a modification of the groove bottom rib 13, wherein the groove bottom rib 13 differs In height 
50 between parts SI and S2 of the top face between which the small groove 12 is positioned. It is preferable that the 
higher part SI is disposed on the tire equator side. In this case, the above-mentioned rib height Hr is defined by the 
higher part SI . The depth Dr is defined as from the higher part SI . 

[0032] As the ground pressure is higher in the tread center, the air flowing from the lateral main grooves 5A and 5B 
on the tire equator C side becomes greater than that from the lateral main grooves4 on the other side. Accordingly, by 
55 increasing the height of the part SI on the tire equator C side, the diffusion effect is promoted and the air tube resonance 
can be effectively controlled. 

[0033] In order to further suppress air tube resonance in the wide circumferential groove 1 0, two parts Bsl and Bs2 
of the groove bottom divided by the groove bottom rib 13 are provided with knurled parts 14. 
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[0034] The knuried part 14 is, as shown in Fig.5 and Fig.2, collectively formed by a plurality of parallel snaall ribs 15 
which are inclined at an angle a of 20 to 70 degrees with respect to the longitudinal direction of the wide groove 1 0 or 

the circumferential direction. 

[0035] It Is preferable for drainage that the height (h) of the small ribs 15 is less than the height Hr of the groove 
5 bottom rib 13. For the sectional shape of the small rib 15, not only a triangle as shown in Fig.2 but also a rectangle, a 
semicircle and the like may be used. 

[0036] The knuried parts 1 4 are staggered between the groove bottom parts Bsl and Bs2 to promote the occurrence 
of multi-modes which are different in the circumferential positions of the nodes. 

[0037] As to the number of the knuried parts 1 4 in each of the groove bottom parts Bsl and Bs2, at lest one knurled 
10 part 14 always exists in the foot print of the tire during running. In other words, the knuried parts 14 in each of the 
groove bottom parts Bsl and Bs2 are disposed at circumferential pitches P which are less than the ground contacting 
length, preferably in the range of from 30 to 50% of the ground contacting length. Here, the ground contacting length 
is a circumferential length of the foot print measured at the axial position of the knurled parts 14. 
[0038] The corners 9 between the groove walls ws of the wide circumferential groove 1 0 and the tread face Ts may 
15 be formed as an angled corner as shown in Fig. 3 by an imaginary line, but it is preferable that at least one of the corners 
9 is chamfered. In this example, each corner is chamfered by a down slope 16A, 168 as shown in Figs.2 and 3. 
In the tire meridian section, the down slopes 16A and 1 6B are straight. The slope 1 6A of angle pA on the tire equator 
side is gentler than the slope 16B of angle pB on the tread edge side. The angle PA and angle pB are set in a range 
of from 40 to 70 degrees with respect to the normal to the tread face TS. 
20 [0039] In this example, the gentle slope 16A on the tire equator side has a substantially constant axial width WA. 
But, the slope 1 6B on the other side has a variable axial width WB. The width WB decreases from each of slits 1 7 and 
the lateral main grooves 4 toward each side thereof. As the width WB is changed repeatedly in the tire circumferential 
direction, air flow and sonic flow in the wide circumferential groove 1 0 can be diffused, and the air tube resonance Is 
further suppressed. 

25 When the chamfer is provided, the above-mentioned groove width GW may be defined, based on the original corner 
9 which is the intersection of extensions of the groove wall ws and tread face Ts as shown in Fig.3 
[0040] The lateral main grooves 4 and slits 1 7 are alternately disposed in the circumferential direction. Although the 
lateral main grooves 4 extend from the wide circumferential groove 10 to the circumferential groove 3B, the slits 17 
extend from the wide circumferential groove 1 0 but terminate in the adjacent tread blocks. 

30 [0041] The tread portion is further, provided with sipes 23. The sipe is a very fine groove having a width of about 1 
mm or less inclusive of a cut having no substantial width. 

Comparison Tests 

35 [0042] Radial tires of size 205/65R15 (Rim size 15x6.5JJ) for recreational vehicles were made and tested for the 
road noise perfomnance and wet performance as follows. The test tires had the tread pattem shown in Fig.1 and the 
same structure except for the groove bottom rib. The specifications of the groove bottom ribs and test results are shown 
in Table 1 . Other common specifications are as follows: 



Ground contacting width TW 


170 mm 


Wide circumferential groove 




width GW 


15 mm 


GW/rW (%) 


8.8 


Depth 


8.2 mm 


Small groove 




Depth Dr 


0.5 mm 


Dr/Hr(%) 


50 


Knuried part 




Height h 


0.4 mm 



1) Road noise perfomiance test: 

[0043] A seven-seater FF-type minivan provided on all the four wheels with test tires was coasted on a smooth 
asphalt road at a speed of 50 knn/hr, and the sound pressure level dB(A) of the overall noise was measured near the 
driver's inside ear. (Tire pressure 230 kPa) 

[0044] The results are indicated in Table 1 by an index based on "Conv." being 100, wherein the higher the index 
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number, the better the road noise. 
2) wet performance test: 

5 [0045] The above-mentioned minivan was run on an asphalt-paved 1 00-meter-radlus wet test course provided with 
a 20 meter long 1 0 millimeter depth water pool, and the lateral acceleration was measured when the minivan entered 
the water pool at a speed of 80 km/hr. 

[0046] The results are indicated in Table 1 by an index based on "Conv." being 100, wherein the higher the index 
number, the better the wet performance. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
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[0047] The present invention can be suitably applied to pneumatic tires having a wide circunnferential groove in 
addition to a radial tire for recreational vehicles. 



5 Claims 

1. A pneumatic tire comprising 

a tread portion provided with at least one wide circumferential groove, 

the wide circumferential groove extending continuously in the tire circumferential direction and having a 

10 groove width GW of not less than 5% of the ground contacting width TW, 

the wide circumferential groove provided in the groove bottom with a groove bottom rib, 
the groove bottom rib extending continuously along the overall length of the wide circumferential groove, 
the groove bottom rib having a height Hr in a range of from 0,5 to 3.0 mm and a base width Wr in a range of 
from 1 0 to 30 % of the groove width GW, and 

IS the groove bottom rib provided in the top face with a small groove having a depth Or of less than the height Hr. 

2. A pneumatic tire according to claim 1 , wherein 

the depth Dr of the small groove is in a rage of from 30 to 60 % of the rib height Hr. 

20 3. A pneumatic tire according to claim 1 , wherein 

the groove bottom of the wide circumferential groove is provided on each side of the groove bottom rib with 
knuried parts made up of small ribs extending crosswise to the longitudinal direction of the wide circumferential 
groove, 

25 4. A pneumatic tire according to claim 1 , wherein 

the wide circumferential groove is provided on at least one of the edges with a down slope towards the groove 
bottom. 

5. A pneumatic tire according to claim 1 , wherein 
30 said at last one wide circumferential groove is only one wide circumferential groove disposed within a half 

tread portion on one side of the tire equator. 
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